Abstract
Introduction

21
Mountain glaciers are currently contributing ~27 % of the observed global sea level rise with a 22 large uncertainty of more than 20% (Jacob et al., 2012) . Although the contribution of debris-free Debris-covered glaciers represent ~5% of all mountain glaciers worldwide (WGMS and NSIDC, 28 1989, updated 2012) and the rate of sea-level rise attributed to them differs from clean-ice 29 glaciers due to the insulating effect of the debris layer (Reznichenko et al., 2010) . A better 30 understanding of long-term glaciological processes on debris-covered glaciers is needed to 31 reduce the uncertainty of their contribution to global sea level.
32
The debris layer on debris-covered glaciers derives from a number of sources, most notably 33 valley-side rockfalls (Deline and Kirkbride, 2009 ). These rockfalls can be significant at the 34 glacier-scale, such as is the case for the Black Rapids Glaciers (Shugar et al., 2012 ) and the
35
Sherman Glacier (Marangunic, 1972 ) rock avalanches. These rock avalanches form specific 36 deposits characterised by the regular thickness of the debris layer and angular grains (Hewitt, 37 2009). Other sources of debris include collapsing lateral moraines (Hambrey and Ehrmann, 38 2004) and debris elevated from subglacial and englacial positions to supraglacial positions 39 (Goodsell et al., 2005) . The debris from these latter sources is more heterogeneous and may 40 contain a mix of sub-angular to sub-rounded grains.
41
The supply of surface debris to the glacier's terminus has great control over the Here, a detailed map is presented in order to provide the basis for investigating the 52 geomorphological context of, and relationships between, a debris-covered glacier (Glacier Noir) 53 and an adjacent and morphometrically-similar clean-ice glacier (Glacier Blanc) . This map will also Carle field during the Little Ice Age (LIA, 16 th to 61 mid-19 th century, [Mann, 2002] 
97
The archived ortho-images were also used for the photo-interpretation of moraines, which is 98 sensitive to the position of shadows (Otto and Smith, 2013) .
99
The interpretation of the ortho-images was verified and refined by direct field observation The map was designed using the composer module of QGIS. The ground-based photographs 114 presented on the map were modified using ©Adobe Illustrator CS2.
115
The digitisation of the ortho-images was conducted within a scale range of 1:1000 to 1:10000, Crevasses form when the extension strain exceeds a critical threshold (Vaughan, 1993 
Geomorphological features
170
These features are all related to the former presence of a glacier. Glacier Blanc these are mostly frontal and lateral moraines and were mapped accordingly.
175
During the LIA, Glacier Noir and Glacier Blanc had a common terminus and produced a large 
228
Meltwater ponds form by differential melting between debris-covered and clean ice areas.
229
Ablation of the latter is faster than the former, creating a depression -here called the area of Therefore, supraglacial streams were not mapped on Glacier Blanc. 
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Software
282
Mapping and composing: QGIS 2.2, 2.4, 2.6, and 2.6.1. 
